Please cite this article as: Dalaty, A. A., Karam, A., Najlah, M., Alany, R. G., and Khoder, M.,Effect of non-cross-linked calcium on characteristics, swelling behaviour, drug release and mucoadhesiveness of calcium alginate beads, Carbohydrate Polymers (2015), http://dx.doi.org/10. 1016/j.carbpol.2015.12.010 This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.
Introduction 54

Preparation of CABs 134
CABs loaded with IBU were prepared by ionotropic gelation using CaCl 2 as a cross-135 linker. Briefly, 3 g of SA was dissolved in 100 mL of deionized water and 2 g of IBU 136
were added to the alginate solution and thoroughly with a stirrer to form a viscous coarse 137 dispersion. Six (6) mL of the resulting bubble-free dispersion was then dropped using a 138 pump-connected syringe into 60 mL of 10% w/v CaCl 2 solution kept under a gentle 139 agitation. Beads were allowed to stand in CaCl 2 solution for 30 min before being 140 collected and washed. Washing process involved soaking the freshly prepared beads in 141 deionized water with magnetic stirring at 300 rpm. Three washing protocols where 142 adopted; (i) beads were washed for a minute in 60 mL deionised water and the number of 143 washes was increased from 0 to 8 times. Formulations obtained by this protocol were 144 named according to the number of washings (N1, N2, N3, N4, N5, N6, N7 and N8). In 145 the second protocol, (ii) beads were washed one time in 60 mL deionised water for 1, 4 or 146 A c c e p t e d M a n u s c r i p t 6 mL deionised water. All collected beads were finally dried in an air convection type oven 148 (Memmert, Germany) at a temperature of 40°C for 48h (Khoder, To determine the total amount of Ca +2 retained by beads, five beads were weighed and 185 placed in a beaker containing 100 mL of SIFm. After 48h, samples were taken and the 186 amount of Ca +2 was determined by the complexometric titration method using EDTA 187 solution and eriochrome black-T indicator (Lindstrom & Diehl, 1960 Obtained beads were spherical and homogenous regardless of the washing method (Fig.  242 1a). Scanning electron micrographs of CABs N1 showed relatively rough surfaces with 243 few small crystals probably due to partially crystallized IBU formed during the drying 244 step (Fig. 1b) . This hypothesis is supported by the high encapsulation efficiency (93.3%) 245 ( Fig. 4a ) and by the disappearance of these crystals after 2 h of incubation in the SIFm 246 (Fig. 1c) ; corresponding to the release of 30% of the loaded IBU (Fig. 5d) . 
Determination of the amount of Ca
+2 retained by beads 280 Fig. 3 shows that increasing the number and the duration of washes had a significant 281 influence on beads Ca +2 content ( Fig. 3a and 3b) . However, the impact of increasing the 282 volume of washes was less significant (Fig. 3c) . Interestingly, increasing the number of 283 washes was able to remove an additional amount of Ca +2 until the sixth wash (P < 0.05). 284
Afterward, washing had no significant impact on the amount of Ca +2 (Fig. 3a) . This 285 finding is in agreement with the other research findings reported in literature (Bourgeois, and N8 (Fig. 3a) . To confirm these results, the release kinetic of Ca +2 from beads was 292 also studied ( Fig. 3d and 3e ). According to Kikuchi et Fig. 3 shows that Ca +2 release 296 from CABs N1 was bimodal with the first phase releasing approximately 75% of total 297 Ca +2 (Fig. 3d) . On the other hand, the release profile of Ca +2 from CABs N7 was 298 monomodal (Fig. 3e) , which is expected according to 
Encapsulation efficiency (EE) 307
The EE is significantly affected by the washing process ( Fig. 4a and 4b) . As washing 308 increases in term of number and duration, an additional and significant amount (p < 0.05) 309 of loaded drug is removed from the beads. Since the loaded drug did not undergo any 310 chemical covalent linking inside the beads (IR results), the amount of encapsulated IBU 311 was descending during the 8 washes. Similar findings were reported relating to the effect 312 of beads curing time in the gelation medium on the drug EE. On the other hand, the 313 impact of the washing volume on the EE was less significant (p > 0.05) (data not shown); 314 this is probably due to the sink conditions being attained with the smallest volume of 315 washing (i.e. 60 mL). 316 317
Fig. 4. Encapsulation efficiency of IBU in CABs as a function of (a) number and (b) 318 duration of washes (n=3 ± SD). Figures (c) and (d) represent the average weight of dry 319
CABs as a function of number and duration of washes respectively (n=3 ± SD). 320 321
Impact of the NCL-Ca on the weights of dry beads 322
The washing process and the amount of NCL-Ca retained by beads have a significantA c c e p t e d M a n u s c r i p t 14 significantly as the number and the duration of washes increased (P < 0.05) (Fig. 4c and  325 4d). In contrast, increasing the volume of washes had a less significant effect on beads 326 weight especially when the volume of washing exceeded 120 mL (data not shown). 327
Interestingly, the changes in beads weight were consistent with Ca +2 content results; this 328 might be explained by the hygroscopic properties of the Ca +2 which led to the 329 corresponding increases in the water contents of the beads. 330 331
Impact of NCL-Ca on the beads swelling in SIFs 332
Fig . 5 shows the swelling profile of the beads N1 and N7 in the SIFp (Fig. 5a ) and SIFm 333 (Fig. 5b) . In both media, CABs N7 swelled more than CABs N1. However, each bead 334 showed dissimilar swelling profiles in both media. For example, beads N7 swelled twice 335 as much in the SIFp (3800% after 240 min) compared with the SIFm (1915% after 240 336 min). In contrast, the swelling extent of CABs N1 was significantly lower in the SIFp 337 than that in the SIFm. Swelling process lasted 6 h for SIFm and 4 h for SIFp after which 338 the beads started to lose their integrity and overall weight. Accordingly, SEM shows a 339 formation of condense layer of crystals on the surface of CABs N1 (dried after incubation 340 of 2 h in SIFp) (Fig. 1d) , whereas no crystals were observed after incubating the same 341 beads for the same time in the SIFm (Fig. 1c) phosphate were formed on the beads surface. This is confirmed by X-ray diffraction 358 analysis of the precipitate formed on the surface of CABs N1 during the incubation in 359 SIFp (Fig. 1 supplementary information) 
Impact of NCL-Ca on the drug release in SIFs 368
Fig . 5 shows the cumulative release of IBU from CABs N1 and N7 in both SIFm (Fig.  369 5c) and SIFm (Fig. 5d) . IBU release from CABs N1 in the SIFm was significantly fasterM a n u s c r i p t 16 between the drug release profiles of both CABs N1 and N7 in SIFp during the first 3 372 hours of the dissolution test (P > 0.05) (Fig. 5c) . Thereafter, drug release profile of CABs 373 N7 became significantly faster than that of CABs N1 (P < 0.05) (Fig. 5c) 1984). Therefore, the release of IBU through alginate beads might not be controlled by 382 diffusion rather than the rate of swelling process; thus, the degradation of beads. Beads 383 swelling increases the diffusion pathway and this reduces the drug-concentration gradient 384
and decreases the drug-release rate (Siepmann & Siepmann, 2012) . In correspondence to 385 bead swelling results (Fig. 5a and 5b) , IBU release in SIFm from CABs N7 was slower 386 than that of CABs N1 the least swollen bead (Fig. 5d) . In contrast, using SIFp, IBU 387 release from beads N7 increased dramatically after 3 h (Fig. 5c) , the beginning of beads 388 disintegration (Fig. 5a) . Therefore, IBU release from CABs N7 in SIFp is suggested to be 389 predominantly governed the erosion and disintegration of these beads after 3 h of 390 incubation. On the other hand, the protective layer of the dicalcium phosphate precipitate 391 formed on the surface of the CABs N1 slows down the drug release in SIFp during the 392 same period of time. These results highlight the importance of the composition of SIFs 393 for drug release studies. Phosphate buffer is mainly used in the SIFs thanks to its high 394 buffering capacity. However, phosphate buffer is not bio-relevant and do not simulate the 395 A c c e p t e d M a n u s c r i p t Bandari & Jukanti, 2011). On the other hand, only 6.6±4.6% of CABs N1 were still 409 adhered on the mucosal tissue after the same period (Fig. 6) . 410 411 Fig.6 . Mucoadhesion of CABs N1 and CABs N7 in SIFm (n=3 ± SD). 412
The mucoadhesiveness of alginate is mainly related to the ability of carboxylic groups to 413 form hydrogen-bonds with oligosaccharide chains of mucins (Khutoryanskiy, 2011) . 414 Indeed, the difference in the mucoadhesion behaviour of CABs N1 and N7 might be 415 explained by the difference in the Ca +2 contents of these two formulations (Fig. 3a) . 
